2015). Quartz luminescence response to a mixed alpha-beta field: Investigations on Romanian loess. Radiation Measurements, 81,[110][111][112][113][114][115] Abstract 15 Previous SAR-OSL dating studies using quartz extracted from Romanian and Serbian loess samples report 16 SAR-OSL dose-response curves on fine grained (4-11 µm) quartz that grow to much higher doses compared to 17 those of coarse-grained (63-90, 90-125, 125-180 µm) quartz. Furthermore, quartz SAR-OSL laboratory dose 18 response curves do not reflect the growth of the OSL signal in nature. A main difference in coarse-and fine-19 grained quartz dating lies in the alpha irradiation history, but the effect of mixed alpha-beta fields has so far 20 received little attention. In the present study we investigate whether the alpha dose experienced by fine grains 21 over geological cycles of irradiation and bleaching may have an effect on the saturation characteristics of the 22 laboratory dose response. By applying time resolved optically stimulated luminescence we confirm that the 23 OSL signals induced in quartz by alpha and beta radiation follow the same recombination path. We also show 24 that a mixed alpha-beta dose response reproduces the beta dose response only up to about 800 Gy. Assuming an 25 a-value of 0.04 we have shown that laboratory alpha and beta dose response curves overlap up to effective alpha 26 doses of ~50 Gy. Based on these results, we conclude that exposure of fine grains to alpha radiation during 27 burial and transport cycles prior to deposition, as well exposure to the mixed radiation field experienced during 28 burial are not responsible for the age discrepancies previously reported on fine and coarse grained quartz 29 extracted from Romanian and Serbian loess.
. 29 30 Assuming that the quartz has the same origin and physical characteristics irrespective of grain size, an important 31 dosimetric difference between natural and laboratory irradiations lies in the dose rate and radiation field in the 32 sediment matrix. The dose rate is ~11 orders of magnitude lower in nature compared to that in the laboratory. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 3 Similarly natural irradiations occur in a mixed radiation field (alpha, beta, gamma, x-rays) while laboratory 1 irradiations usually consist entirely of either beta particles or photons (gamma or X rays). These differences 2 may be reflected in calibration of luminescence response to dose and may arise from the different interaction 3 mechanisms of alphas and betas, and the possibility of additional defect creation due to alphas. 4 In the present study we compare the dose response curves and sensitivity changes measured using continuous 5 wave OSL (CW-OSL), under different combinations of alpha and beta irradiations designed to simulate the 6 effect of a natural radiation field. We use time-resolved optically stimulated luminescence (TR-OSL) as a tool 7 to gain insights into recombination pathways leading to the emissions generated by the two different types of 8 radiations. These results are reported below. grains deposited on aluminium disks and 0.219 Gy s -1 to 180-225 µm quartz grains mounted on stainless steel 23 disks) and an uncalibrated 241 Am source under vacuum conditions. The OSL signal induced by 5000 s of alpha 24 irradiation was found to be 2.22 times higher than that resulting from ~8.5 Gy of beta irradiation, giving an 25 effective alpha dose rate of 0.095 Gy/s. This can be converted to a tentative absolute alpha dose rate of 2.370 26 Gy/s assuming an a-value of 0.04 for fine grained quartz (Rees-Jones, 1995).
27
All investigations into the optical emission characteristics of fine (4-11 µm) and coarse (63-90 µm) quartz used Gabor and Wintle, 2013) a preheat at 220 °C for 10 s and a cutheat to 180 °C was used, together with 1 stimulation at 280 °C for 40 s at the end of each SAR cycle. Sensitivity changes induced by alpha and beta 2 irradiation were monitored using the response to a constant 17 Gy beta test dose. of the fine grains and the fact that it is not proven without doubt whether alpha irradiation could cause defects 20 involved in luminescence production we have aimed to investigate whether the higher saturation characteristics LEDs for 200 s at 20 °C) in order to simulate natural irradiation and transport cycles as closely as possible.
28
After these alpha irradiations, the SAR beta dose response was constructed, and compared to the first three 29 growth curves. Finally, a fifth beta dose response was constructed to check the reproducibility. These five 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   5 OSL originates from the entire grain volume, the alpha skin contribution is expected to be less than 20% to the 1 total OSL (assuming a spherical grain of about 80 µm diameter). But in practice the surface plays a far greater 2 role than the entire volume because of self-absorption of the photons emitted from the grains" core. Based on 3 the results presented in figure 1 we therefore consider it unlikely that that prior alpha exposure plays a 4 significant role in affecting the shape of the subsequently measured beta dose response curves (see figure S1 a). for the TR-OSL were chosen to be similar to those employed in CW-OSL: blue LEDs stimulation at 125 °C and 14 a 220 °C preheat for 10 s, beta test dose of 19 Gy, ramp heating to 180 °C (cutheat), elevated temperature OSL.
15
The same measurement sequence was repeated using a beta regenerative dose of 581 Gy. The TR-OSL spectra Figure 3 shows the results for one aliquot of CST 3 and one aliquot of LCA 26. It can be seen that the 3 relationship is linear (R 2 =0.98 and 0.94, respectively) and the fitted functions pass close to the origin, indicating 4 that a beta test dose can satisfactorily monitor the factor of ~2 sensitivity changes induced by alpha irradiation. As the deviation between the laboratory and natural dose responses was reported to be more pronounced for the 8 4-11 µm quartz (see figure S1 b), we now investigate whether α and β laboratory irradiations designed to 9 reproduce as closely as possible the natural irradiation field produce a different growth curve compared to only 10 beta irradiations.
11
A mixed alpha-beta SAR dose response (normalized to a 17 Gy beta test dose) was build up to 800 Gy on one 12 aliquot of fine quartz from sample CST 3, which was prior checked by an IR depletion test (Figure 4) . The (Figure 4 inset) . 23 The mixed alpha-beta dose response curve and the beta dose-response growth curves are well fitted with a sum 24 of two exponential functions; within the dose range investigated here they are indistinguishable (Figure 4) . Up 25 to 90 Gy (effective alpha dose) the alpha dose response is almost linear (inset Figure 4) . The results indicate 26 that over the investigated dose range the use of a constant a-value is justified and that the differences between 27 the natural and laboratory generated dose response curves for fine grains reported by Timar-Gabor and Wintle 28 (2013) could not be accounted by an incorrect use for the value of the alpha efficiency. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 7 studies. In the previous section we have shown that this is an appropriate decision in the case of our samples for 1 moderate doses. However, the contribution of the alpha dose to the total deposited energy in the quartz crystal 2 increases at higher doses, where less luminescence is created per unit beta dose. Saturation in the natural mixed kGy of total alpha) were administered. For the sake of comparison, pure beta dose-response curves were 10 constructed on each aliquot prior to alpha growth curve measurements, with beta dose points chosen to equal in 11 light levels the given alpha doses. The growth of both alpha-and beta-induced OSL signal was fitted with a sum 12 of two saturating exponentials. Figure 5 shows the shapes of the alpha and beta dose-response growth curves.
13
The inset in figure 5 plots the two beta dose responses as a function of the average alpha dose response (i.e. the 14 a-value). Note that the alpha and beta dose-response curves overlap up to ~50 Gy of beta or alpha effective 15 dose. This confirms that the a-value is constant over this dose-range. However, it appears that for dose > 300 16 Gy the interpretation of the presented alpha dose-response is difficult since at high-doses either the a-value 17 varies or the mechanisms responsible for luminescence production are different. Nevertheless, it is important to 18 note that by considering an a-value of 0.04 (as used in our previous studies) (i) the alpha dose response does not 19 saturate earlier than the beta dose response, (ii) for doses higher than 300 Gy the light output following alpha 20 irradiation is higher for alpha than for beta doses of the same magnitude. This provides further evidence that the 21 early saturation of the natural signals when compared to laboratory generated signals presented by Timar-
22
Gabor and Wintle (2013) cannot be accounted by the alpha dose received in nature by the fine grains. beta dose because in that area some traps cannot trap further charges. We test whether this model is of 28 significance by building a mixed alpha beta growth curve for which a constant alpha irradiation (total alpha 29 dose of 5000 Gy) is administered prior to beta irradiation (Figure 6) . For comparison pure beta growth curves 30 have been constructed on the same aliquot before and after the mixed growth curve. Figure 6 shows that the 31 pure beta dose-response curves as well as the mixed radiation dose response curves are reproducible and best 32 fitted with a sum of two saturating exponentials. The characteristic doses are indicated for each dataset. These 33  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 8 results suggest that beta and beta-equivalent alpha irradiations can largely be interchanged to produce the same 1 luminescence response, despite the fact that there is an order of magnitude difference in the dose rate and in the 2 ionization efficiency or LET (Linear Energy Transfer) between alpha and beta doses. Thus the two radiations 3 share the same traps, and there are no adverse, irreversible effects of saturation or defect creation during alpha 4 irradiation. The presence of a prior alpha dose in etched 63-90 µm quartz grains does not alter the dose-response to 8 laboratory beta irradiation as shown by the OSL growth curves constructed after irradiation with alpha doses of 9 9552 Gy. It is thus not likely that the past natural alpha dose absorbed by the 4-11 µm quartz grains is a cause 10 for the growth of the OSL signal to much higher doses compared to coarse quartz, as has been previously curves overlap up to effective alpha doses of ~50-100 Gy.
21
To conclude, exposure of quartz grains to alpha irradiation during burial and transport cycles, as well as the 22 mixed radiation field experienced in nature by the fine grains are not believed to be the cause for the age 23 discrepancies reported on fine and coarse grained quartz extracted from Romanian and Serbian loess. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   9  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 10 Lapp, T., Jain, M., Ankjaergaard, C., Pirtzel, L., 2009. Development of pulsed stimulation and Photon Timer 1 attachments to the Risø TL/OSL reader. Radiation Measurements 44, 571-575 .  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 11 Timar-Gabor, A., Wintle, A.G., 2013. On natural and laboratory generated dose response curves for quartz of 1 different grain sizes from Romanian loess. Quaternary Geochronology 18, 34-40.
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Quartz luminescence response to a mixed alpha-beta field: 
